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ABSTRACT. A study to determine the effects of-machine pressure and insecticide flow rate on the
.ir. oiuu-.ol droplets ir-ifr.v ."iuiu to the Cythion'D label wai conducted with 3 different ground ULV
;;il; *g;;"ior.'. e" increise in flow rate required a corresponding increase in blower pressure to
-"i"t"ifi the labeled droplet mass median diameter of 1? pm or_less. Droplets larger-than !8 pm were
i;A;;;;iya;pfea at mict'i"" pr..."t". less tha! e psi (4r.a !e-1)' {lt{re highest labeled flow. rateof
a.a1l-.ili"ri (ifa.3 -V;i"t;;chitr" pt"..rt"r of 7-8 osi {48.3-55.2 kPa) were requiredfor each of the
i ""ro.ol generators t"ii"ai".onristently conform to the droplet criteria ofthe Cythion label'
INTRODUCTION
During the late 1970s, mosquito control dis-
tricts throughout the United States became con-
cerned that the maximum vehicle speed of 10
mph (16 kmph) on the Cythiono label for apply-
ing ultra low volume (ULV) malathion 
-by
ground equipment severely limited the areathat
iould be 
-tr-eat d 
during critical time periods.
Supplemental Cythion labels were issued to the
states of Georgia in 1978, South Carolina in
1979 and Florida in 1981 permitting ULV appli-
cation rates up to 8.6 fl ozlmin (254 ml/min) at
a maximum vehicle speed of 20 mph (32.2
kmph). By 1983, the national Cythion label for
maiathion ULV concentrate incorporated the
higher vehicle speed and flow rate. In all cases,
iniluding the supplemental labels, special em-
phasis was placed on maintenance of specified
droplet size at the increased dosage.
In 198?, changes in Florida Statutes, Chapter
388, and Chapter 10D-54 of the Florida Admin-
istrative Code regulating mosquito control re-
quired that operational records on kinds,
amounts, uses, dates and places of application
of restricted use pesticides be maintained for at
Ieast 2 years. Pesticides used for mosquito con-
trol in Florida are not labeled for restricted use
by the Environmental Protection Agency
(EPA). However, changes in these regulations
have regenerated an emphasis throughout the
state on monitoring and maintaining insecticide
particle size within the requirements of respec-
tive labels approved by the EPA.
Most truck-mounted cold aerosol generators
used for applying ULV insecticides for adult
mosquito control are also equipped with variable
flow control systems. These systems, when prop-
erly calibrated, automatically adjust to dispense
the proper amount of insecticide depending
upon vehicle speed. To check flow rate or collect
droplets at particular speeds, the vehicle must
be moving forward or be on a lift so that the
transmission or speedometer is operative' Of
particular concern are those units having a "cal-
ibrate mode" which delivers the flow rate for a
particular speed, usually 10 mph (16 kmph)'
when the vehicle is in a static position. Due to
the ease and simplicity of operation in the cali-
brate mode, most droplet samples have been
taken at the labeled flow rate for a vehicle speed
of 10 mph (16 kmph). While conforming to all
Iabeled droplet specifications at the 4.3 f\ oz/
min (L27 ml/min) flow rate, the aerosol gener-
ator could easily fail to meet labeled criteria at
higher flow rates unless machine pressure was
increased.
The influence ofoperatingpressure on droplet
volume median diameter (VMD) at flow rates of
4 f\ oz/min (118.3 ml/min) or less is well docu-
mented by Mount and Pierce (1972), Mount et
al. (1975), Peterson et al' (1976) and Haile et al.
(1982). The following research was conducted to
demonstrate the critical interaction between
pressure and insecticide flow rate on particle
size particularly as it relates to the EPA ap-
proved Cythion label at flow rates up to 8.6 fl
ozlmin (254 ml/min).
MATERIALS AND METHODS
Three different truck mounted cold aeroso-
generators were used to produce malathion
droplets during the study. The first was a Leco
HD ULV cold aerosol generator (Lowndes En-
gineering Co., Valdosta, GA) equipped with a 16
h.p. Wisconsin engine and a belt driven blower
capable of producing a maximum pressure of 8
psi (55 kPa). The second was an experimental
nozzle assembly designed by Lowndes Engineer-
ing Co., using 2 smaller Leco MD ULV nozzles
mounted in a "T" assembly and constructed in
such a manner that the unit replaced the single
nozzle on the 16 h.p. Leco HD ULV generator'
The same engine and blower fitted with the
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double head Leco nozzles produced a maximum
pressure of 7 psi (a8 kPa). The third aerosol
generator was a 4-nozzle Curtis Dyna-FogrM
Cyclotronic ULV (Curtis Dyna-Products Corp.,
Westfield, IN) equipped with a direct drive
blower powered by an 18 h.p. Honda engine.
This assembly is currently marketed on their
Maxi-Pro 4rM ULV which produces 8-psi (55-
kPa) maximum pressure at the nozzle.
The insecticide delivery system was a FMI
pump (Fluid Metering, Inc., Oyster Bay, NY)
equipped with a digital rheostat to control pump
motor speed. The insecticide volume delivered
by the FMI valveless pump is not affected by
fluid viscosity or temperature. The digital read-
out on the motor rheostat made it possible to
quickly change flow rates with ease and accuracy
and remain independent of pressure generated
by the ULV aerosol generators. The same pump
system and rheostat settings were used during
the study on each of the 3 ULV generators
described earlier.
Each aerosol generator was equipped with a
pressure gauge which had been calibrated using
a test gauge accurate to 0.1 psi (0.7 kPa). Engine
speed was adjusted during operation to achieve
the desired pressure, usually 3-4 psi (21-28
kPa), for atomizing insecticide droplets. During
each replicate, the insecticide flow rate was set
for the maximum labeled rate of 4.3, 6.5 or 8.6
fl. oz./min (127, 192 or 254 mI/min) for the 10,
15 or 20 mph (16, 24 or 32 kmph) vehicle speed,
respectively. The pressure was then increased to
the maximum for that engine in I psi (7 kPa)
increments to determine the influence of pres-
sure on atomization.
Aerosol droplets of technical malathion were
collected and measured using the procedures
described in "Modern Mosquito Control"(Anonymous 1986). Dupont Teflon@ coated mi-
croscope slides (Anderson and Schulte 1921)
were used to collect impinged droplets 25 tt (7.6
m) downwind of the stationary aerosol genera-
tor. Prior to use, the oleophobic characteristic
ofthe Teflon coated slides was checked to verify
a malathion spread factor of 0.69 using methods
described by Rathburn (1970). Droplets were
collected on 2 different slides at each flow rate
and pressure using the diagonal hand wave
method (Benzon 1988). A minimum of 3 repli-
cates were taken at each flow rate and pressure
with each replicate being taken on a different
day. At least 200 droplets from each slide were
counted using a compound microscope at a mag-
nification of 200x and the data analyzed using
the computer program "DROP"@ developed by
Athena Systems, Inc., Newtown Square, PA.
RESULTS AND DISCUSSION
The effects ofpressure and flow rate on drop-
let size as they relate to the Cythion label re-
quirements are shown in Tables 1-8. In general,
for each aerosol generator tested an increase in
pressure at each ofthe 3 flow rates (4.3.6.b and
8.6 fl oz/min) improved the malathion droplet
spectra in relationship to the requirements of
the current national label. Increasins the mala-
Table 1. Effects of air pressure and flow rate on Cythion droplet size using a Leco Model HD
ULV aerosol generator.
Cf'thion label droplet specifications*
Air Mean Mean Vo Mean 7o Mean Vo Mean %
Flow Rate No. of Pressure VMD <24 6-18 >J2 >4g
floz/m reps. (psi) pm pm pm pm pm
Percent
of reps.
passed
4.3
6.5
a
a
d
a
a
a
a
o
o
a
a
a
a
/
6
7
8
^
o
7
8
o/
b
7
8
20.8
17.5
16.3
t4.2
13.0
11.5
19.6
I  / . J
L4.7
14.0
72.5
23.5
16.1
18.0
15.9
r5.7
16.2
79.3
87.8
92.5
97.2
97.0
99.7
82.2
89.5
95.9
95.6
98.7
72.5
86.2
86.7
94.7
93.8
93.8
58.5
69.7
85.3
84.5
86.7
65.3
72.5
82.9
84.1
89.9
60.0
75.2
69.2
78.7
78.1
78.9
6.5
2.8
1.5
0.0
0.3
0.0
6.3
2.3
0.5
o.2
0.0
16.2
3.5
/ a
0.8
7.2
0.4
0.3
0.0
0.2
0.0
0.0
0.0
0.2
0.2
0.0
0.0
0.0
2.7
0.5
0.7
0.0
0.0
0.0
0
O D
67
100
100
100
0
100
100
100
0
J J
0
100
100
100
* Label requirements 17 or < >67% >50% <3% 0.0
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Table 2. Effects of air pressure and flow rate on Cythion droplet size using a Leco Model HD ULV aerosol
generator modified with a pair of Leco MD ULV nozzles.
Cythion label droplet specifications*
Mean Vo Mean 7o Mean 7o Percent
6-18 >32 >48 of reps-.
pm pm pm passed
Flow Rate
fl oz/m
Air Mean
No. of Pressure VMD
reps. (psi) pm
Mean Ta
<24
pm
o.a
3
3
3
3
3
3
3
3
3
3
3
3
3
3
3
1
o
7
q
I
t
6
7
A
o
tl
7
19.3
16.4
14.6
t4.9
t2.6
2r.4
r7.7
18.1
t5.2
L2.9
23.0
19.6
t7.5
76.7
15.9
81.6
91.4
94.0
95.5
97.8
77.6
86.6
86.8
91.2
96.3
72.5
? o o
84.9
88.0
90.8
68.1
76.9
74.0
80.0
79.8
o J .  /
68.6
66.8
76.8
76.6
58.7
65.7
71.0
74.3
78.8
7.0
9 Q
I . J
1.0
0.0
10.4
3.8
3.0
1 n
0.2
1 / n
8.5
6.0
1 .8
0.3
0.2
0.0
0.0
0.0
1 .5
0.2
0.0
0.2
0.0
3 .2
7 .2
0.5
0.2
0.0
0
r00
t00
t00
0
o o
J J
67
100
0
0
0
66
100
* Label requirements 1 7 o r < >67% <3% 0.0
Table 3. Effects of air pressure and flow rate on Cythion droplet size using a Dynafog Cyclotronic ULV
aerosol generator.
Cythion label droplet specifications*
>50%
Flow Rate
f\ oz/m
Air
No. of Pressure
reps. (psi)
Mean Mean 7o
VMD <24
pm pm
Mean o/o Mean Vo Mean Vo Percent
6-18 >32 >48 of reps.
pm gm tm passed
8.8 1.0 0
6.7 t.7 0
r.7 0.2 66
1.2 0.0 66
0.0 0.0 100
0.0 0.0 100
6.5 0.8 0
5 .5  7 .2  0
2.2 0.7 33
0.2 0.0 r 00
0.2 0.0 100
10.5 2.5 0
8 .8  1 .8  0
8.0 0.8 0
2.6 0.0 83
1.0 0.0 100
0.2 0.0 100
6.5
8.6
64.5
76.3
83.0
92.8
88.5
62.7
70.7
72.4
88.5
87.8
62.4
68.1
63.2
82.2
85.7
74.7
no '7
85.8
92.5
96.2
99.2
99.8
82.8
86.0
90.2
o ? a
97.8
78.8
80.6
81.3
91.8
94.8
95.7
20.2
17.8
15.5
12.8
ll.4
10.3
19.6
18.1
t7.2
13.9
14.0
21..1
19.3
19.6
15.7
14.2
16.4
e
a
a
o
o
a
J
6
D
3
4
5
t)
7
8
4
5
6
7
I
3/
5
6
7
8
thion flow rate with pressure remaining con-
stant reduced droplet size. However, the nega-
tive effects brought about by increasing volume
were more prominent at lower operating pres-
sures and resulted in failure of the 3 aerosol
generators to meet labeled requirements at pres-
sures of 5 psi (35 kPa) or less. The Leco HD
with the standard single nozzle operating at 6-
8 psi (41-55 kPa) consistently met Iabel droplet
requirements for flow rates at vehicle speeds of
* Label requirements 17 or < )67o/o >50% 13o/o 0.0
15-20 mph (24-32 kmph) Table 1. With the
other generators, 7 psi (a8 kPa) or greater was
necessary to repeatedly conform to label require-
ments at the higher flow rate.
The stated concern of American Cyanamid
Co. (Anonymous 1986) relative to droplet size is
the ability of larger droplets of technical mala-
thion to damage automotive paint surfaces.
Table 4 shows the mean diameter, corrected
using the spread factor for Teflon, and range in
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Table 4. Mean diameter" of the largest droplet of Cythion'-' at 8.6 fl oz/min flow rate and the indicated
pressure with 3 ground ULV aerosol generators.
Air
Pressure
(psi)
Lecot' Leco 2" Dynafogd
Mean Range Mean Range Mean Range
^
6
7
8
80
53
K O
35
4L
34
72-88
42-65
49-53
J .1-J  /
35-46
30-38
56-74
58-72
ary  <o
35-56
35-39
60-72
56-72
49-63
39-49
35-39
30-37
66
67
46
44
bb
65
53
43
" Corrected diameter in microns.
r'Leco Model HD ULV.
" Leco Model HD ULV modified with 2 Model MD ULV nozzles.
d Dynafog Cyclotronic ULV.
microns of the largest droplet recorded in each
series of replications from 3 to 8 psi (21-55 kPa)
at the maximum labeled flow rate of 8.6 fl oz/
min (254 ml/min) for each of the 3 aerosol
generators. The production of any droplet
greater than 48 pm is a violation of labeled
requirements. The data clearly indicated that at
machine pressures of 5 psi (3a kPa) for the
standard Leco and 6 psi (41 kPa) or less for the
other 2 machines, droplets greater than 48 pm
were frequently sampled and the 3 machines
used in this study did not conform to the Cy-
thion label.
In summary, these data show the direct inter-
action of insecticide flow rate and machine pres-
sure in the production of malathion droplets
from ground ULV aerosol generators used for
mosquito adulticiding. To maintain droplet
spectra, an increase in flow rate must be accom-
panied by a conesponding increase in pressure.
Mosquito control districts using variable flow
equipment should be especially aware that al-
though a particular aerosol generator conformed
to all labeled droplet requirements at a particu-
Iar application rate (usually 4.3 fl oz/min (127
ml/min) or less in the stationary or calibrate
mode), compliance to labeled droplet require-
ments may be inadequate at flow rates up to 8.6
fl oz/rnin at 20 mph (254 ml/min at 32 kmph).
Data on droplet spectra should be collected and
maintained at the maximum flow rate applied
by each aerosol generator. Conformance to la-
beled requirements at the maximum flow rate
minimizes the probability of producing larger
droplets that damage automotive paint surfaces
as the flow rate and vehicle speed decreases.
The optimum malathion droplet size diameter
for adult mosquito control ranges from 5 to 15
pm (Mount 1970, Mount and Pierce 1972, Lof-
gren et al. 1973) with a range of sizes from 5 to
25 pm where insecticidal efficiency changes only
slightly (Haile et al. 1982). The data shown in
Tables 1 and 3 indicate that approximately 95Vo
of the malathion droplets sampled with the 2
commercially available aerosol generators were
within the optimum efficiency range for adult
mosquito control at operating pressures of 7-8
psi (48-55 kPa) and flow rates of 8.6 fl ozfmin
(254 ml/min). These data also show that aerosol
generators equipped with variable flow equip-
ment and operating at higher blower pressures
produce a greater percentage of malathion drop-
lets within the the lower range of the reported
optimum size for mosquito control when the
flow rate is reduced.
REFERENCES CITED
Anderson, C. H. and W. Schulte. 1971. Teflono as a
surface for deposition of aerosol droplets. Mosq.
News 31:499-504.
Anonymous. 1986. Modern mosquito control. Cy-
anamid, Agricultural Division, Wayne, NJ.
Benzon, G. L. 1988. Fallacies and pitfalls in droplet
size analysis. Beecomist Systems, Inc. Telford, PA.
Haile. D. G.. G. A. Mount and N. W. Pierce. 1982.
Effect of droplet size of malathion aerosols on kill
of caged adult mosquitoes. Mosq. News 42:576-583.
Lofgren, C. S., D. W. Anthony and G. A. Mount. 1973.
Size of aerosol droplets impinging on mosquitoes as
determined with a scanning electron microscope. J.
Econ. Entomol. 66:1085-1088.
Mount, G. A. 1970. Optimum droplet size for adult
mosquito control with space sprays or aerosols of
insecticides. Mosq. News 30:70-75.
Mount, G. A. and N. W. Pierce. 1972. Adult mosquito
kill and droplet size of ultralow volume ground
aerosols of insecticides. Mosq. News 32:354-357.
Mount. G. A.. N. W. Pierce and K. F. Baldwin. 1975.
Droplet size of aerosols dispersed by portable and
truck-mounted generators. Mosq. News 35:195-198.
Peterson, R. V., P. G. Koehler, D. L. Hayden and F.
M. Ulmer. 1976. Analysis of controlled variables as
they affect ULV droplet distribution. Mosq. News
36:446-449.
Rathburn, C. B., Jr. 1970. Methods of assessing drop-
Iet size of insecticidal sprays and fogs. Mosq. News
30:501-513.
